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Abstract. Bosons which couple to two leptons and carry lepton
number L = 2, generically called bileptons, appear in many ex-
tensions of the SM. We review the present constraints on bilep-
ton parameters coming from low and high energy data. In par-
ticular, we point out that the amplitude of µ − e conversion
in nuclei is enhanced by large logarithms if compared with the
µ→ eγ one. Bilepton couplings will be tested most stringently
at future colliders. For wide range of neutrino masses the cross
section of one of the processes e−e−(µ−µ−)→ ℓ−i ℓ−i , i = e, µ, τ,
mediated by scalar triplet bilepton, has such a lower bound that
it should be observed at future facilities.
1. Introduction
One of the peculiar features of the standard model (SM) is that none of
its bosons carry global quantum numbers. This is no longer the case in
wide range of extensions of the SM, such as grand unified theories [1],
theories with enlarged Higgs sectors [2], theories which generate neutrino
Majorana masses [3] as well as technicolour theories [4] and theories of
compositeness [5]. Following Ref. [6] bileptons are defined to be bosons
which couple to two leptons (but not to quarks) and which carry two units
of lepton number. They can be both scalars and vectors. Their interactions
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Table 1. Upper bounds on diagonal bilepton couplings for mB = 1 TeV.
Combination
Process of couplings Upper bound
Møller λee 4 (2)
(g − 2)µ λµµ 10 (5)
M − M¯ λeeλµµ 0.2 (0.2)
need not necessarily conserve lepton flavour, but otherwise the symmetries
of the SM should be respected. The most general SU(2)L×U(1)Y invariant
renormalizable dimension four Lagrangian for bileptons is given by [6]
L = − λij1 L+1
(
ℓ¯ciPLνj − ℓ¯cjPLνi
)
(1)
+ λ˜ij1 L˜
++
1 ℓ¯
c
iPRℓj
+ λij2 L
+
2µ ν¯
c
i γ
µPRℓj
+ λij2 L
++
2µ ℓ¯
c
iγ
µPRℓj
+ λij3 L
0
3 ν¯
c
iPLνj
− λij3 /
√
2 L+3
(
ℓ¯ciPLνj + ℓ¯
c
jPLνi
)
− λij3 L++3 ℓ¯ciPLℓj
+ h.c. ,
where the subscripts 1–3 label the dimension of the SU(2)L representation
which the bileptons belong to and the indices i, j = e, µ, τ stand for the
lepton flavours. In this talk I assume the couplins λij to be real. In that
case λ is anti-symmetric for scalar singlets, symmetric for scalar triplets
and arbitrary for vector bileptons.
In the following I shall concentrate on the doubly charged components of
bilepton multiplets. First I shall review the present most stringent bounds
on their parameters and later discuss their production at future colliders.
2. Present constraints
Due to large bilepton masses, mB >∼ O(∞′′) GeV (LEP II pair production
threshold), and unknown couplings to leptons one can presently only con-
strain bilepton effective couplings of a generic form G =
√
2λ2/(8m2B). Neg-
ative results in searches for the lepton flavour violating processes ℓl → 3ℓf
and ℓl → γℓf , where l = µ, τ, and f = e, µ, put orders of magnitude
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Table 2. Upper bounds on bilepton couplings for mB = 1 TeV from various
low energy leptonic processes.
Combination
Process of couplings Upper bound
µ→ 3e λµeλee 4(2) · 10−5
µ→ eγ (λλ)µe 1.2(1.2) · 10−2
µ− e (λλ)µe 7(7) · 10−3
more stringent bounds on off-diagonal bilepton couplings than one obtains
from Møller scattering, (g − 2)µ studies as well as from the searches for
muonium-antimuonium conversion for diagonal couplings λee and λµµ. To
date there is no constraints on λττ without involving off-diagonal elements.
Most stringent constraints on diagonal bilepton couplings [6, 7, 8] are
summarized in Table 1. The limits are approximately equal for singlet and
triplet scalars and given as the first numbers in the table while the limits
for vector bileptons are presented in brackets. Here and in the following
bilepton masses are always taken in units of 1 TeV. As can be seen, for the
scale of new physics O(∞) TeV only the muonium-antimuonium conversion
experiment [7] constrains diagonal bilepton couplings in a meaningful way.
Most stringent constraints on combinations of couplings λ from other
lepton flavour violating processes [6, 8, 9] are summarized in Table 2. For
shortness we have presented the processes involving first two generations
only. Constraints from the processes involving third generation are consid-
erably weaker. As expected, the strongest limit derives from µ→ 3e since
it can occur at tree level. However, it constrains only a particular combi-
nation of couplings. On the other hand, µ→ eγ and µ−e conversion limits
apply on a sum of coupling constant products since all possible intermedi-
ate states can occur at loop level and, therefore, provide complementary
information.
One should note here that contrary to the claim in Ref.[10] µ− e con-
version is more sensitive to bilepton interactions than µ→ eγ. The general
e¯µγ vertex can be parametrized in terms of form factors as follows
jρ = e¯
[
γµ(fE0 + fM0γ5)
(
gµρ − q
µqρ
q2
)
+ (fM1 + fE1γ5)iσ
ρν qν
mµ
]
µ, (2)
where q is the momentum transferred by photon. While µ→ eγ is induced
only by form factors proportional to σρν term then µ− e conversion rate is
proportional to (|fE0 + fM1|2 + |fM0 + fE1|2). Since the form factors fE0
3
and fM0 are enhanced by large ln(m
2
ℓ/m
2
B) ∼ O(∞′), where mℓ stands for
the charged lepton mass running in the loop, if compared with fE1 and fM1
then µ − e conversion is enhanced while µ → eγ is not. The logarithmic
factors arise from the diagrams in which photon is attached to the charged
lepton. Therefore, one expects logarithmic enhancement of µ−e conversion
also in models with, e.g., leptoquarks or broken R-parity but not in models
considered in Ref.[10].
3. Production at colliders
The most stringent constraints on bilepton couplings and masses will be
obtained at future linear and muon colliders [11]. Bileptons with masses
mB <∼
√
s/2 can be pair produced in e+e− collisions almost model-
independently due to their couplings to photon [12]. Single production
of bileptons in e+e− and e−γ collisions allowes one to probe masses up to√
s and test all the couplings λij more sensitively than any of the present
low energy experiments [13]. The most appropriate for studying bileptons
are e−e− and µ−µ− collision modes in which resonant s-channel production
of bileptons via the process
e−e−(µ−µ−)→ ℓ−i ℓ−i , (3)
i = e, µ, τ, is possible [14, 15]. For realistic machine and beam parameters
sensitivity of λij <∼ 5 · 10−5 can be acheved [15]. Vector bileptons can
be discriminated from the scalar ones by studying photon distribution in
e−e− → L−−γ.
Despite of this extraordinary sensitivity it could happend that due to
small λ’s or high bilepton masses no positive signal will be detected at
future colliders. However, this may not be the case if neutrinos are massive
as predicted by most of the extensions of the SM and the process (3) is
mediated by triplet scalar bilepton.
If the sum of light neutrino masses exceeds ∼ 90 eV at least one of them
has to be unstable. In order not to overclose the Universe the lifetime and
mass of such an unstable neutrino νl must satisfy the requirement [16]
τνl <∼ 8.2 · 1031 MeV−1
(
100 keV
mνl
)2
. (4)
The radiative decay modes νl → νfγ, νfγγ are highly suppressed [17] and
cannot satisfy the constraint (4). The same is also true for Z ′ contribution
to νl → 3νf decay [18]. The only possibility which lefts over is the decay
νl → 3νf due to neutrino mixings induced by the neutral component of
triplet bilepton.
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Clearly, since L0 and L−− belong to the same multiplet the reaction (3)
can be related to decay νl → 3νf . Since the latter decay rate is bounded
from below by the constraint (4) and limits on neutrino mixings also the
cross section of (3) has a lower limit. Let us consider numerically the most
conservative case, ντ → 3νe. From the constraints presented above one
obtains the following bound on Geτ which induces the process e−e− →
τ−τ− [19]
Geτ >∼ 2 · 10−3
λττ
λee + λττ
TeV−2 , (5)
where Geτ =
√
2λeeλττ/(8m2B). On the other hand, studies of the process
(3) at linear colliders give that far off resonance the minimal testable Gij
are Gij(min) = 1.4·10−4/s TeV−2 , approximately the same for all relevant
i, j. Therefore, the process e−e− → τ−τ− should be detected at the 1 TeV
linear collider unless λττ/λee <∼ 10−1. On the other hand, if this is the case
then
Gee >∼ 2 · 10−3 TeV−2 , (6)
and the excess of the electron pairs due to the s-channel bilepton exchange
will be detected. Note that the positive signal should be seen if
√
s >∼ 0.3
TeV which is below the planned initial energy of the linear collider.
Similar argumentation applies to all possible neutrino decays with even
higher lower limits. Therefore, if one of the neutrino mass, indeed, exceeds
90 eV one should detect at least one of the processes (3) at future colliders.
4. Conclusions
Bileptons appear in many realistic extensions of the SM. The present con-
straints on diagonal bilepton couplings are rather weak compared to the
bounds on off-diagonal couplings. Some of the latter ones, (λλ)eµ, will be
tested about two orders of magnitude more stringently in planned µ − e
conversion experiments. This process is most sensitive to the couplings due
to logarithmic enhancement of the conversion amplitude.
Future linear and muon colliders will be more sensitive to bilepton cou-
plings than any of the present experiments. In particular, if triplet scalar
particles exist and some neutrino masses exceed 90 eV then the doubly
charged component of the triplet should be detected in e−e− or µ−µ−
collision modes of the colliders.
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